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(54) Immunoassay of non-A, non-B hepatitis virus-related antigens, monoclonal antibodies for 
use therein, and hybridomas producing the antibodies 



(57) This invention concerns a monoclonal antibody 
having binding specificity for an antigenic determinant 
site on core structural protein from Non-A, Non-B hepa- 
titis virus (NANBV); a hybridoma cell line capable of pro- 
ducing the monoclonal antibody; a process for the prep- 
aration of the monoclonal antibody; an immunoassay of 
NANBV-related antigens by use of the monoclonal an- 



tibody; and a test kit for use in the immunoassay. The 
preferred monoclonal antibody is 5E3, 5F11, 51 5S or 
1080S. The monoclonal antibody can specifically rec- 
ognize the NANBV core structural protein in sera from 
patients with Non-A, Non-B hepatitis thereby being 
served extensively as an antibody in various immuno- 
logical reagents for definitive diagnosis of Non-A, Non- 
B hepatitis. 
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C l ? ^ST t f atment a,one ' as seen there are many cases. rebuff ering from the hepatitis. even 

when the I FN treatment was terminated. Thus complete exclusion of NANBV from the patient bodies is difficult It is 
rather significant to grasp the pathology of the disease in order to assume the treatment or prognosis, and because of 
this, it is strongly desired not only to detectantibodies to NANBV-related antigens but also to measure NANBV-related 
markers (i.e., antigens). Thus, the development of a method of obtaining NANBV virions, particularly NANBV-related 
antigens from infected sera in a simple way arid in a high yield, as well as the detection or quantitative analysis of the 
virions or antigens, has been, demanded. 

Accordingly, an object of this, invention is to provide a method for the simple treatment of NANBV-related antigens 
to concentrate and then denature them in specimens. a.* 
Another object of this invention is to provide a monoclonal antibody which can specifically recognize an NANBV- 
related core antigen and hasa binding constant K A of 5 X i07rM-i] or larger when forming an immune complex between 
the monoclonal ant.body and the NANBV-related core antigen; a hybridoma capable of producing the monoclonal 
antibody; and a method for the preparation of the monoclonal antibody. 

Yet another object of the invention is to provide a method for sensitively detecting or quantifying an NANBV-related 
« antigen using the monoclonal antibody. . 

draw^of ^hteh 16 inVenti ° n described be,ow - ^ wa V of exa "iP'e only, and with reference to the accompanying 

Figure 1 is a photograph showing Western blot images as results of the immunological reaction between each of 
the monoclonal antibodies 515S, 1080S, 5E3 and 5F11 and an HCV. CORE antigen where 

20 ' an ! V ^f* ° f J fabbit kid " ey CU,tUre ceH line < RK1 3 > infected ^ a recombinant vaccinia virus LO-R6J1 3 approx- 
imately 2.5 X 10 4 cells/lane, non-reducing; opprox 

lane 2: lysate of a rabbit kidney culture cell line (RK13) infected with the recombinant vaccinia virus LO-R6J13 ap- 
proximately 2.5 X 104 C e|ls/lane, reducing; P 
lane 3: lysate of a rabbit kidney culture cell line (RK1 3) infected with a recombinant vaccinia virus LO-R6J20 approx- 

& imately 2.5 X 10 4 cells/lane, non-reducing; 

lane 4: lysate of a rabbit kidney culture cell line (RK13) infected with the recombinant vaccinia virus LO-R6J20 ap- 
proximately 2.5 X 10 4 cells/lane, reducing. ' p 
Figure 2 is a calibration curve of a structural protein TrpC11 derived from NANBV as determined by the sandwitch 

*> delation") US ' n9 m ° nOCl0nal antibodies 5F11 and 5 E3 of this invention. Bars in the figure show 2SD (standard 

Figure 3 is a calibration curve of a structural protein TrpC1 1 derived from NANBV as determined by the sandwitch 
technique using monoclonal antibodies 10B0S and 51 5S of this invention. Bars show 2SD 

Figure 4 is a calibration curve of a structural protein TrpCH derived from NANBV as determined by the sandwitch 
3S 2SD Ue USm9 8 SChd PhaSS m ° n0Cl0nal antibodv 5F 1 1 together with (5-galactosidase (GAL)-labeled 5E3. Bars show 

Figure 5 is a calibration curve of a structural protein TrpCH derived from NANBV as determined by the sandwitch 
technique using a solid phase monoclonal antibody 1080S together with |3-galactosidase (GAL)-labeled 515S. Bars 
snow 2SD. 

Figure 6 is a graph showing the detection limit of a structural protein Tr P C11 derived from NANBV as determined 
by the sandwitch technique using the monoclonal antibodies 5F11 and 5E3 of this invention. The concentration of 
TrpC 1 1 is in the range from 0 to 6,000 pg/ml. 

Figure 7 is a graph showing the detection limit of a structural protein TrpC11 derived from NANBV as determined 
by the sandwitch technique using the monoclonal antibodies 5F11 and 5E3 of this invention. The concentration of 
TrpC11 is in the range from 0 to 400 pg/ml. 

Figure 8 is a graph showing assay results of NANBV structural proteins in serum samples. Samples having a 
sample number with N» are ones estimated as negative using a commercially available second generation reagent 
Ommucheck-HCV Ab KOKUSAI" sold by International Reagents Corp.. Japan), and samples having a sample number 
with P are ones estimated as positive using the same. 

We have studied a method for the detection of antigens from the structural protein region of NANBV by use of 
monoclonal antibodies against them. As a result, we have now found that NANBV virions could be concentrated and 
dissoceted by centr.fug.ng a specimen (e.g.. serum) with polyethylene glycol followed by alkaline treatment of the 
precprtate obtained. Further, we succeeded in obtaining monoclonal antibodies extremely specific for HCV structural 
prote.ns using as .mmunogens recombinant polypeptides having HCV antigenic activity and prepared by expression 
of genes for core structural proteins in Escherichia coji. The monoclonal antibodies obtained can react specifically with 
core structural proteins from the viral virion. 

Accordingly, this invention provides a monoclonal antibody having a binding specificity for an antigenic determinant 
site on core structural protein from NANBV. 

More specifically, the monoclonal antibody of the invention can be prepared by transforming a host cell with a 
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. obtain a recombinant £. coli . 

. The culture of the transformed E. coli can be carried out in a usual eutrophic medium for E. coli such as L medium, 
YT medium or M9-CA medium. The recombinant vectoF prepared asabovehas a drug resistance gene, so when the 
coli containing the vector is cultured then it is desirable to add to its medium a.corresponding drug of an appropriate 
concentration. For example, when a recombinant E. coli strain HB1 01 [Trp.TrpE CORE14QJthat was obtained by trans- 
forming E. col] strain HB101 with the recombinant vector Trp.TrpE CORE140 is cultured, ampicillin may be added to 
the medium in a concentration of 20-200 u.g/ml. 

The expression of a gene for the fusion. polypetide is earned out by inducing the expression by an appropriate 
promoter upstream of the gene. For example, in the case of the above mentioned vectors, after the transformed host 
cell is cultured in an appropriate medium untH a given level of bacterial cells is obtained, the gene expression can be 
started by addition of IAA (i.e., indoleacrylic acid). To conduct the efficient gene expression, IAA is preferably added 
at the early phase or middle phase of the logarithmic growth phase. Following induction of the expression, the culture 
is continued to accumulate the fusion polypeptide within the bacterial cells. For example, in the case of the recombinant 
E. coli strain HB1 01 [Trp.TrpE CORE140], it is cultured in an ampicillin-containing M9-CA medium at 37°C for 13-16 
hr thereby being obtained in a full amount and producing the fusion polypetide in a high yield. 

The collection and purification of fusion polypeptides from cultured bacterial cells can be carried out by conventional 
techniques, e.g. sonicatipn of the cells, solubilization, ammonium sulfate fractionation, and various chromatographies. 

When the fusion polypeptides are expressed efficiently by the above mentioned methods, they form insoluble 
granules within bacterial cells. In this case the bacterial cells are dispersed in a physiological buffer such as physio- 
logical saline and then destructed by for instance sonication, after which the debris is subjected to centrifugation to 
recover the insoluble materials as precipitate. 

The recovered insoluble materials are washed with a buffer containing a low concentration of urea, guanidium HCI 
or surfactant such as Triton X-100 to obtain a fusion polypeptide having a high purity. The fusion polypetide in the form 
of insoluble materials can be solubiiized by adding thereto a buffer containing 6-8 M urea or guanidium HCI. The 
solubilized fusion ploypeptide can be dialyzed against or dissolved in an appropriate buffer such as physiological saline 
so as to decrease the level of urea or guanidium HCI up to an appropriate concentration. The resulting fusion polypetide 
can be employed as immunogen. If the fusion polypetide is needed to purify in a higher purity it can be purified using 
known purification procedures, e.g., separation methods such as salting out, ion-exchange chromatography, gelfiltra- 
tion and affinity chromatography, fractionation method such as electrophoresis, and combinations thereof. 

When a certain base sequence encoding an amino acid sequence that can be cleaved chemically or enzymatically 
is inserted between the gene fragment encoding NAN BV structural protein and the TrpE gene, the fusion polypetide 
produced is treated by appropriate methods whereby the NANBV antigenic polypeptide that comprises the amino acid 
sequence shown in SEQ ID NO:1 and is coded for by the gene fragment can be obtained in the TrpE-free form. In this 
invention, if the part of the amino acid sequence shown in SEQ ID NO:1 includes a substitution, insertion or deletion 
and the antigenic activity of the polypeptide variant is substantially identical to that of the intact polypetide, such a 
variant is also included in the scope of the invention. 

The term "polypeptide having NANBV antigenic activity" as used herein refers to a polypetide or fusion polypeptide 
reactive immunologically with an anti-NANBV antibody and it can be employed as an antigen for use in preparation 
of hybridomas and monoclonal antibodies. For example, the polypeptide of the invention is a fusion polypeptide having 
NANBV antigenic activity and comprising the amino acid sequence shown in SEQ ID NO:1, or a polypeptide having 
NANBV antigenic activity and comprising a part of the amino acid sequence shown in SEQ ID NO:1, wherein to the 
Nor C-terminus may be added an extra amino acid sequence. As the partial sequence of the amino acid sequence 
shown in SEQ ID NO:1, preferred are sequences shown in SEQ ID NOs:3, 4 and 5. 

Monoclonal antibodies of the invention, directed against the above mentioned fusion polypeptides or polypeptides 
comprising the amino acid sequence shown in SEQ ID NOs:3, 4 or 5, can be easily prepared. The preparation of a 
monoclonal antibody by using hybridomas is well known. For example, the following procedures can be employed. 
BALB/c mice are immunized intraperitonially or subcutaneously at regular intervals of time with each of the above 
mentioned fusion polypeptides or polypeptides (hereinafter, referred to as "antigen") as a single antigen or as an antigen 
coupled to BSA, KLH or the like, in combination with complete Freund's adjuvant. At the time when the antibody titer 
in blood is raised, the mice are boosted with the antigen in the murine tail vein. Following the aseptic removal of spleen 
cells, they are fused with an appropriate murine myeloma cell line to obtain hybridomas. The preparation method of 
the monoclonal antibodies of the invention can be carried out by the method of Kohler and Milstein (see Nature 256' 
495-497,1975). 

Thus, this invention further provides a hybridoma cell line capable of producing a monoclonal antibody having a 
binding specificity for an antigenic determinant site on the NANBV core structural protein. More particularly, the hybri- 
doma cell line is selected from the group consisting of HC11-5E3, HC11-5F11, HC11-515Sand HC11-1080S. Hybrid- 
omas HC11-5E3, HC11-5F11, HC11-515S and HC11-1080S were respectively deposited with the national Institute of 
Bioscience and Human-Technology, Agency of Industrial Science and Technology, Ministry of International Trade and 
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pretreatment in which each specimen is treated physically and chemically. That is, polyethylene glycol (PEG) is added 
to a specimen and then dissolved followed by centrifugation,, after which the precipitate is denatured by addition of an 
alkaline solution thereby the NANBV structural proteins in the specimen being concentrated and disintegrated. By this 
pretreatment, the high sensitive assay can be achieved. The.average. molecular weightand content ofPEG for useJn 
the treatment of sera can be varied. The average molecular weight of PEG used is typically 1 ,000, 1 ,500, 2,000, 4,000 
or 6,000, and the content thereof is in the range from 3% to 5% (by weight). PEG having an average molecular weight 
of 1 ,000 to 2,000 is advantageously employed in a liquid form after heating because it is a gel and its handling is hard 
PEG 4,000 and PEG 6,000 are pref erably employed in the pretreatment because they are crystals thus leading to easy 
handling, and therefore the use of these PEGs is one of preferred embodiments in the invention. Examples of the 
alkaline agent include,, but not limited to, alkali metal or alkaline earth metal hydroxides. The pH of the solution is at. 
least pH 10, preferably pH 12 to 14 during the denaturation treatment. 

This invention will be illustrated by the following Examples in more detail, but it should be understood that the 
invention is not limited only by the Examples. 



Example 1 
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Expression and purification of polypeptide derived from Non-A,Non-B hepatitis virus 
(A). Construction of expression plasmid 

An expression plasmid that can express a polypeptide of HCV core region was constructed by the method set 
forth below. One ^ig of each DNA of plasmids pUC.C11-C21 and pUC.C10-E12 which were obtained by integrating 
clones C11-C21 or C10-E12 (see JP-A-6-38765) into pUC119, respectively, was digested at 37°C for 1 hr in 20 of 
a restriction reaction solution [50 mM Tris-HCI (pH 7.5) ; 10 mM MgCl 2 , 1 mM DTT, 100 mM NaCI, 15 units of EcoRI, 
and 15 units of Clal] or [10 mM Tris-HCI (pH 7.5), 10 mM MgCI 2 , 1 mM DTT, 50 mM NaCI, 15 units of Clat, and 15 
units of Kpnl], respectively. Thereafter, the digests were subjected to 0.8% preparative agarose gel electrophoresis to 
purify approximately 380 bp EcoRI-Clal and approximately 920 bp Clal-Kpnl fragments. The two DNA fragments were 
ligated to a vector that pUC119 had been digested with EcoRI and Kpnl at 16°C overnight in 50 pi of a ligase solution 
which contains a mixture of 5 ^il of 10 X ligase buffer [660 mM Tris-HCI (pH 7.5), 66 mM MgClg, 100 mM dithiothreitol, 
1 mM ATP] and 1 of T4 ligase (350 units/jal) diluted with water to the total volume of 50 yil E. cojj strain JM109 was 
transformed with the resultant plasmid to obtain a plasmid pUC.C21-El2. 

One ng of the plasmid pUC.C21-E12 DNA was subjected to PCR using two primers: S'-GAATTCATGGGCAC- 
G AATC CTAA A- 3' (SEQ ID NO:6) and 5'-TTAGTCCTCCAGAACCCGGAC-3' (SEQ ID NO:7). The PCR was carried 
out using GeneAmp™ Kit (DNA Amplification Reagent Kit, Perkin Elmer Cetus) under the conditions: DNA denaturation, 
95°C, 1 .5 min; annealing, 50°C, 2 min; and DNA synthesis, 70°C, 3 min. 

A DNA fragment obtained by PCR was separated by 0.8% agarose gel electrophoresis and then purified by Glass 
Powder method (Gene Clean). On the other hand, after pUC1 9 was digested with Smal, the above DNA fragment was 
ligated to the digested pUC1 9 at 16°C overnight in 50 ^l of a ligase solution which contains a mixture of 5 of 10 X 
hgase buffer [660 mM Tris-HCI (pH 7.5), 66 mM MgCI 2 , 100 mM dithiothreitol, 1 mM ATP] and 1 p.l of T4 ligase (350 
units/^l) diluted with water to the total volume of 50 y\. E. coli strain JM109 was transformed with the resultant plasmid 
to obtain a plasmid pUC.19.C21-E12.Smal. One jig of this plasmid DNA was digested at 37°C for 1 hr in 20 ^l of a 
restriction reaction liquid [150 mM NaCI, 6 mM Tris-HCI (pH 7.5), 6 mM MgCI 2 , 15 units of EcoRI, and 15 units of 
BamHI], after which the digest was subjected to 0.8% agarose gel electrophoresis to separate an approximately 490 
bp EcoRI -Bam HI fragment which was then further purified by Glass Powder method. 

Next, 1 ng of an expression vector Trp.TrpE DNA (see JP-A-5-84085) was digested at 37°C for 1 hr in a restriction 
reaction liquid [150 mM NaCI, 6mM Tris-HCI (pH 7.5), 6 mM MgCI 2) 15 units of EcoRI, and 15 units of BamHI]. To the 
reaction mixture was added 39 [i\ of water followed by heat treatment at 70°C for 5 min, after which to this was added 
1 |J of bacterial alkaline phosphatase (BAP) (250 units/^l) and the mixture was then left at 37°C for 1 hr. Following 
addition of phenol, phenol extraction was conducted, the aqueous layer was ethanol-precipitated, and the precipitate 
was dried. The resultant EcoRI-BamHI treated vector DNA 1 ng was ligated to the above CORE140 fragment at 16°C 
overnight in 50 \i\ of a ligase solution which contains a mixture of 5 jjl! of 10 X ligase buffer [660 mM Tris-HCI (pH 7.5), 
66 mM MgCI 2 , 100 mM dithiothreitol, 1 mM ATP] and 1 nl of T4 ligase (350 units/jil) diluted with water to the total 
volume of 50 pi 

Ecoli strain HB101 was subsequently transformed with 10 p.! of the resultant reaction mixture. This competent E. 
colt strain for use in transformation was prepared by the calcium chloride method (see Mandel, M. and Higa, A. J. Mol. 
Biol., 53:159-162, 1970). The transformed E. coli was plated onto a LB plate (1% tryptone, 0.5% NaCI and 1 .5% agar) 
containing 25 ^g/ml of ampicillin, and cultured at 37°C overnight. A colony on the plate was taken in an amount of 1 
platmium loop, which was then transferred to LB medium containing 25 jag/ml of ampicillin followed by culture at 37°C 
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. purified in accordance with usual procedures: precipitation with ammonium sulfate; dialysis against phbsphate buffer; 
and separation of IgG fraction on Protein A-bound Sepharose column. The sub-types of the monoclonal antibodies 
5E3, 5F1 1 , 51 5S and.1 080S produced by the above mentioned 4 types of hybridomas were determined as being lgG2a 
\ for 5E3 and : 5F11 and lgG1 for 515S and 1080S by the double dffiusbn.methbd using each of the isotypes of rabbit 
s anti-mouse Ig (Zymed). Regarding .4 types of the monoclonal antibodies, epitope analyses were conducted using 20 
peptides synthesized based on sequences from the HCV core region, and as a result, it has been found that they could 
recognize parts of the, core region specifically The results are shown in Table 1. . 

" ' ' ■■ Table i 



Ant i body RecoaniMon gj t*> 



15 


5E3 


25 Pro 


- 35 Tyr 


(SEQ 


ID 


NO: 3) 




5F11 


51 Lys 


- 60 Gly 


.(SEQ 


ID 


NO: 5) 




515S 


25 Pro 


- 35 Tyr 


(SEQ 


ID 


NO:3) 



20 



30 Ile - 50 Arg (SEQ ID NO : 4 > 
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Demonstration of reaction specificity of the antibodies by Western blotting 
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Lysates containing proteins expressed within a culture cell line derived from rabbit kidney RK13, that has been 
separately infected with a recombinant vaccinia virus LO-R6J20 which carries a gene encoding CORE. ENV, E2/NS1 
and NS2 regions from HCV or with a recombinant vaccinia virus LO-R6J13 which carries a gene encoding ENV and 
E2/NS1 regions from HCV, were subjected to SDS-pofyacrylamide gei electrophoresis, after which the resultant gel 
was attached closely to a polyvinyiidene fluoride membrane (PVDF membrane, Millipore) and electroblotted (gel side- 
cathode; PVDF membrane side: anode) to transfer the proteins on the gel to the PVDF membrane Then the transferred 
PVDF membrane was soaked at 4°C overnight in 0. 1 M phosphate buffer (pH 7.4) containing 5% skim milk (Difco) and 
1% BSA (bovine serum albumin) in order to effect blocking and washed with Tris-HCi buffer (pH 7 0) containinq 0 05% 
Tween 20 (referred to as "TBS"). 

The PVDF was subsequently reacted at room temperature for 1 hr with 10 u,g/ml of a monoclonal antibody chosen 
from 515S, 1080S, 5E3 and 5F11, as first antibody, prepared in Example 3 and dissolved in 0.1 M phosphate buffer 
(pH 7.4) containing 5% skim milk and 1% BSA. After reaction, the PVDF membrane was washed well with TBS and 
then reacted at room temperature for additional 1 hr with a horse radish peroxidase-labeled anti-mouse IgG+lgM an- 
tibody mixture, as second antibody, diluted in 0.1 M phosphate buffer (pH 7.4) containing 5% skim milk and 1 % BSA 
After the resultant PVDF membrane was washed well with TBS, the color development was done using 0 1% 4-chloro- 
1-naphtol solution and 0.2% H 2 0 2 solution. 

Western blot images between each monoclonal antibody and HCV CORE antigen are shown in Fig 1 Each of the 
monoclonal antibodies was specifically reacted with a 22 Kd protein expressed in the recombinant vaccinia virus- 
infected eukaryote cells that contain an HCV.CORE region encoding gene, but not with proteins expressed in the 
recombinant vaccinia virus-infected eukaryote cells that contain a gene encoding HCVENV and E2/NS1 regions Thus 
these results prove that the monoclonal antibodies employed can recognize an HCV.CORE antigen specifically. 

Example 5 

Preparatio n of P-qalactosidase labeled monoclonal antibody 
(A) Preparation of 5E3F( ab')» 

To use an anti-HCV.CORE antibody (i.e., mouse monoclonal antibody: 5E3lgG) for labeling, 10 mg of the antibody 
was dialyzed against 0.1 M sodium acetate buffer (pH 4.0) containing 0.2 M NaCI, and then concentrated to a volume 
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addition of 100 u.1 of 0.5 M NaH 2 P0 4 containing 5% Triton X-1 00. 
Example 8 

5 ^^ST^ST ° f NOn - A NOn - B h6 P atitis StruCtu ^ ™<*™° °Uhe mon^n al / 

' t J^W"?- 10 'J e „ method Ascribed in Example 6, the monoclonal antibody 5F11 was immobilized on a microolate 
to wh.ch Blcckingbufferwas then added and left at4«C ovemignUhereby a 5F 

S S£S2 r £?-SS? a£,ded r?. Qf 10 mM ■ 0 * m phosphate buffec ^ H 70) conta ^ 0 5 M SETS 

bXr^rtS;.^ . ^ ■ Na ' 5%mouseserumand0 - 25%Twe en80 (hereinafter, referredtoas "Reaction 
buffer ) and 50 ul of each of the solut 10 ns of TrpC1 1 protein having different concentrations ranging from 0 to 1 00 nqWl 

S^J^nSiSS buV^ r ted * ^ temPeratUre f ° r 1 hM Shakl ^ -d washed 2 «me 
wnn juo ul each of Washing buffer. The plate was then reacted at room temperature for 1 hr followina the addition of 
100 u.l of the peroxydase (POD) labeled monoclonal antibody 5E3. 9 ° n ° f 

After the plate was washed six times with 300 ul of Washing buffer, to which 1 00 ul of a solution of the substrate 
o-phenylene d«m,ne (hereinafter, referred to as "OPD"). was added, and the p.ate was reacted at ro^m empeSu e 

of jfo^'J^ P d \°° * ° f 3 reaC,i ° n terminati ° n ' iqUid ° f 2N SU,furic acid was added - '«« which ^amount 
a 690 w Z IZZ? S t*h TT \ meaSUremem ° f ,he absorbance <*«> at 492 nm in re.ative to the absorbance 
at 690 nm as control. Table 2 shows that the amount of TrpC1 1 protein can be measured in a dose dependent manner 
Thus by use of the monoclonal antibodies 5F11 and 5E3 of the invention, NANBV structural region core pro eTcan 
be detected or determined quantitatively. proxems can 

Example 9 

gggga ^t^ana^ of Non-A Non-B hepatftis struct,,., region cor, ^ k. ■ ~ ^ 

lOBO 1 ?^! 1 ™ ,D,ei ? W ? ™* S T 6 bV fepeatin9 the P rocedure of Exa ™P'* 8, except that the monclonal antibody 
snLtt^v f h ° c f tlb0dy 5153 W6re Bmpl ° yed 35 3 SOlid P hase antibodv a " d - a labeled antibody, re 
spec ,vely. As shown ,n F.g. 3, ,t ,s found that the TrpC1 1 protein can be measured in a dose dependent manner Thta 

dete m^NAMRV f T °\ them0n0Cl0na ' <»*»«*» 1080S and 51 5S make it possible to detect or quan74vely 
determine NANBV structural region core proteins. mic»uv«iy 

55 Example 10 



that Inn T V? 9 J Pr ° tein WaS substan,ial, y car ^ d out in the same way as in Example 8, except 

hS o?m« h P hos P hatas * <* P-galactosidase was employed as an enzyme for labeling of second antibodies and 
^e^TT™ HPPA ( 3 -( 4 - h y drox yPh-y')pro P ionic acid), pNPP (p-nitropheny. phosphate), NADP 

2,™ i 1 71 ? ? 6 d, " Ucleotlde Phosphate), AMPPD (3-(2'-spiroadamantane)-4-methox y -4-(3"-pho S phorylox y )- 
phenyl-1 2-d.oxetane) or 4MUG (4-methylumbellifery. P-D-galactopyranoside) was employed as a substrate Z 
I 1m, t m0n0Cl0nal antibodies ^BOS and 51 5S was employed, as seen in Table 2, the system of pTatec 
tosidas^MUG gave the highest sensitivrty for detection of NANBV structural region core pro eins IndL high sen - 

tSs^eTedm" T T 0 H Cl0nal antib0dy 5R1 W3S emP ' 0yed 35 3 S °" d P haSe while he^ac- 

tosidase-labeled monoclonal antibody 5E3 as a second aontibody (see Figs. 4 and 5). 



50 




Table 2 








Detection limit 




Enzyme 


Substrate 


Enzyme 


TrpC11 


55 


POD 
POD 
ALP 
ALP 


OPD (coiorimetry) 
HPPA (fluorometry) 
pNPP (coiorimetry) 
NADP (coiorimetry) 


30 amol/assay 
15 
30 
10 


1,560 pg/ml 
1 ,000 
20,000 
1,000 
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ExanTple'13 



Measurement of reaction rate constants of t h e monoclonal antibodies 5F11 . 5E3. 1 OBOS anri siss 

Rale constants of the immunological reaction between each of the monoclonal antibodies 5F11 5E3 1 080S and 
51 5S and TrpC1 1 protein were determined using a surface plasmon reasonance analyzer (Bl Acdre™ Pha'rmacia) that 
was an .nstrument for measurement of biospecific interactions based upon the principle of surface plasmon' resonance 
The TrpC11 protem was immobilized onto Sensortip™ CMS (Pharmacia) having a carboxydextran layer by the usual 
amine coupling method, and each of the monoclonal antibodies that were diluted to an appropriate concentration in 
HBS buffer (10MM HEPES 3.4 mM EDTA, 150 mM NaCI. 0.005°/. Tween 20 ..pH 7.4) ^ltoS^uSS2S£' 
over 25 mm. in this case, the resonance signal value that increases by binding of each antibody to the TrpCn protein 
on Sensortr.p, was measured at time intervals of 30 sec. At the same time, the change in resonance signal was cal- 
culated and recorded. The samples were prepared in 5 to 10 different concentrations per antibody and measured in 
the same way as above to determine an affinity rate constant. measureo in 

° n the other hand, for the measurement of a dissociation rate constant, 100 u.g/ml monoclonal antibody in HBS 
buffer was flowed through the TrpC11 immobilized Sensortip over 15 min to bind the antibody to the TrpC11 on Sen- 
sort.p. HBS buffer was then passed through the Sensortip over.50 min, and the change in resonance signal resulted 
rom the dissociation of the antibody from the TrpC11 on Sensortip was measured at time intervals of 60 sec From 
the rat.o of the affin.ty rate constant and dissociation rate constant determined in the same way as above the bindina 
constant was calculated. The results are shown in Table 3. 9 



Antibody 


Affinity rate constant (K +1 (M-V 1 ) 


Dissociation rate constant (s-* 1 ) 


Binding constant K A (M~ 1 ) 


5E3 
5F11 
51 5S 
1080S 


2.2X105 
4.1 X10 4 
8.1 X 104 
1.9 X 10 5 


< 10' 5 
5.7 X 10-5 

< 10- 5 
2.3 X lO 4 


>2.2X 10 10 
7.2X108 
>B.1 X 10 9 
8.3 X 10 8 



, h . ^ rom u the tab,e ' a " the tes,ed monoclonal antibodies have a binding constant of not less than 10" (M -i } i nd j Catina 
that they have high affinity for the target antigen. 

Advantages of the Invention 



,npr^S? 9 ' nVen ! lon ' h y bridom a ^11 lines that can produce a monoclonal antibody having high binding 

specificity for an antigenic determinant on NANBV core structural proteins were obtained. The valuable monoclonal 
antibodies can specifically recognize the NANBV structural proteins in sera from patients with Non-A, Non-B hepatitis 
2ic /hht" 9 T.! ^ ensive| y as antibodies in various immunological reagents for diagnosis of NonA,Non-B hep- 
a M« AddrtionaHy. the definitive diagnosis of N on A, Non-B hepatitis can be conducted by utilizing the detection or quan- 
tification method of NANBV with the monoclonal antibodies of the invention 



13 



70 



15 



20 



25 



EP 0 717 104 A2 

(B) FILING DATE: ; *y 

(C) CLASSIFICATION: ■ 
(yii) PRIOR APPLICATION DATA: " : 

(A) APPLICATION NUMBER: JP 6-183904 

(B) FILING DATE: July 12, 1994 
(viii) ATTORNEY /AGENT INFORMATION: 

(A) . NAME: 

(B) REGISTRATION NUMBER: 
"(C) REFERENCE /DOCKET NUMBER: 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 

(B) TELEFAX: 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 14 0 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

35 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 

40 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: NON-A, NON-B hepatitis virus 
(xi) SEQUENCING DESCRIPTION: SEQ ID NO : 1 : 
Met Lys Ala lie Phe Val Leu Lys Gly Ser Leu Asp Arg Asp Pro Glu 

15 10 15 

Phe Met Gly Thr Asn Pro Lys Pro Gin Arg Lys Thr Lys Arg Asn Thr 

20 25 30 

Asn Arg Arg Pro Gin Asp Val Lys Phe Pro Gly Gly Gly Gin lie Val 
35 40 45 



45 



50 



55 
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25 



Thr Arg Lys' Thr Ser Lys Arg Ser Gin Pro Arg. Gly Gly Arg Arg Pro 

50 55 ... / 60' " ' j 

lie Pro Lys A3p Arg Arg Ser Thr Gly Lys Ser Trp Gly Lys Pro Gly 
65 70 75 80 

io Tyr Pro Trp pro Leu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly Trp 

85 90 95 

Leu Leu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro Thr Asp Pro 

15 

100 105 110 

Arg His Arg Ser Arg Asn Val Gly Lys Val lie 
20 115 120 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: NON— A f NON— B hepatitis virus 
40 (xi) SEQUENCING DESCRIPTION: SEQ ID NO : 3 : 

Pro Gly Gly Gly Gin lie Val Gly Gly Val Tyr 
15 10 

45 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 
so (A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 



35 



55 
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GAATTCATGG GCACGAATCG TAAA 
(2) INFORMATION FOR SEQ ID NO: 7: 

. (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) ' TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 
<xi) SEQUENCING DESCRIPTION : SEQ ID NO : 7 : 

TTAGTCCTCC AGAACCCGGA C 

25 
30 
35 
40 
45 
SO 



10 



15 



19 



.10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



EP0717104 A2 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CI5ARACTERISTICS: 

(A) LENGTH: 140 amino acids .'■ 

(B) TYPE: amino, acid. 

(C) : STRANDEDNESS: . . 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE; peptide 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: NON-. A ,NON-B hepatitis virus 

(Xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 1: - 

^ ^ i ta n . Vil Leu Lys cly _ ^ A=p ^ ^ ^ 

10 

«- - «„ XH, S ,„ P „ Ly= p „ ^ ^ L?= l ^ ^ » ^ 

».» ^ „„ Asp val ly , z pco Gly oiy Giy o - n> 

«r .j, „u ^ t. u L . u lrg lrg 01y pro ^ J v ^ 

60 

«. - ^ s „ Ly , s „ Gln p „ srg ciy =iy irg 

75 

Pro lie Pro Lvs Acn ay - rt n 80 

y H Ar9 Ar9 Ser Thr Trp OXy Lys Pro 

85 90 

«r ,„ r ;p Pto , eu ^ oly aa „ 01u oiy ^ » 

105 

Trp Le„ Leu Ser p 110 

11S 9 7 Ar9 Pr ° Ser Tr P Pro Thr Asp 

Pro Ar g His Arg Ser Arg Asn J" Qly Lyg ^ ^ 125 

135 140 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 123 amino acids 

(B) type: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM : NON-A, NON-B hepatitis virus 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids ' ' 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: NON-A , NON-B hepatitis virus 
.(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
Lys Thr Ser Lys Arg Ser Gin Pro Arg Gly * 

10 - 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : other nucleic acid: synthetic primer 
(X1 ) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GAATTCATGG GCACGAATCC TAAA 

24 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : other nucleic acid: synthetic printer 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7- 
TTAGTCCTCC AGAACCCGGA C 

21 



Claims 
1. 



abindingconstantK*^ 
and the NANBV core structural prati^ 9 ^ ' mmUne C ° mpie * between the monoclonal antibody 

2 ' HC^TriTfERM «^C11^ i8 r5^ frem 9r ° UP C ° nSiStin9 °' HC11 - 5 " < FE ™ BP-5M7), 
1 emm BP 5148), HC11-515S (FERM BP-5146) and HC11-1080S (FERM BP-5145). 

3. A monoclonal antibody produced by the hybridoma cell line according to claim 1 or Cairn 2. 
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antibody defined in any of claims 3 to 8, wherein these monoclonal antibodies may be identical or .different. 

19. The test kit of claim 1 8 wherein the monoclonal antibody is selected from the group consisting of 5E3, 5F11 , 51 5S 
and 1080S which have binding specificity for an antigenic determinant site on NANBV core structural protein, and 
the labeled second antibody is selected from the group consisting of labeled 5E3, 5F11,.515Sand 1080S. . . . 

20. A test kit for use in the immunoassay according to claim 16 or claim 17, which comprises at least one monoclonal 
antibody defined in any of claims 3 to 8. 
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Pig. 2 
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Fig. 3 



1080S-515S (POD-OPD) 
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Pig. 4 



5F11-5E3 (p GAL-4MUG) 
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Fig. 5 
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Fig. 6 



5F11-5E3 (p GAL-4MUG) 
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Fig. 7 
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Fig. 8 
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